Actinomycetes which form sporangia were probably first reported by Shchepkina in 1940 (19) , but one had to await the investigations of Couch in 1949 (4) before attention was attracted to these organisms, now grouped in the family Actinoplanaceae (6, 14) .
In previous publications, we reported on the ultramicroscopic structure of strains of Microellobosporia (17) and Actinoplanes (13) . In the case of the Actinoplanes sp., observation of ultrathin sections showed that a branched and coiled hypha grew inside a sporangial envelope and that its almost simultaneous division, perpendicular to its long axis, resulted in the formation of sporangiospores. The sporangial envelope was the continuation of the outer sheath of the sporangiophore. Couch (6) and Willoughby (21) isolated strains of Actinoplanes superficially similar to those of ampullariellae (7) in that they formed parallel rows of spores in elongated sporangia. The basic difference between Actinoplanes and Ampullariella, according to Couch, who described both genera (6) , is that ampullariellae form longitudinal rows of rod-shaped zoospores, each with a polar flagellum, whereas strains of Actinoplanes form globose spores, either in coils or in longitudinal rows, each spore having a tuft of flagella. The aim of the present study was to observe the mode of sporangiospore formation in a strain of Ampullariella-like Actinoplanes and in strains of other Actinoplanaceae belonging to the genera Streptosporangium (5) and Spirillospora (6) .
MATERIALS AND METHODS
Strains. All strains examined were isolated from soil. Streptosporangium sp. 35M was isolated by use of the Couch soil plate technique (3) with grass as "bait." The balance of the strains were isolated as follows: 1 g of soil was suspended in 99 ml of sterile distilled water, and the larger particles were permitted to settle; 0.2 ml of dilutions of the supernatant fluid was pipetted onto the surface of various agar media in petri dishes and was distributed evenly over the surface of the agar by use of a sterile glass spreader. The plates were incubated at 37 C for 3 to 4 weeks. Actinomycete colonies which grew were examined microscopically, and strains in which we were interested were transferred to other agar plates for purification and examination. (Fig. 1) . Often the sporangial envelope was ripped off during the process of preparation of the sample (Fig. 2, 3) , revealing the contents which, in immature sporangia, consisted of an unbranched, unseptate hypha coiled inside a gelatinous mass (Fig. 4) . In older sporangia, the hypha became septate, and, as the spores matured, they became more and more electronopaque (Fig. 5) . In some strains, free, mature spores tended to remain attached together in short chains that retained the curvature of the sporangium (Fig. 6 ). All observed sporangiospores had a smooth to rugose surface. None had spines or hairs, as do some streptomycetes (9) .
Examination of ultrathin sections of sporangia of strains 35M, NCU no. 1, 27-4, and J-7 also revealed that young sporangia were filled with a coiled and unbranched hypha. The first septum formed was at the apex of the sporangiophore (Fig. 7) . Further septation resulted in the formation of the spores. All septa were formed by the annular ingrowth of the cell wall of the hypha (Fig. 7, 8, 9 ). As far as we could see, the formation of septa took place at almost the same time along the hypha. Septa in the process of formation were observed between two completed septa ( Fig. 9) , indicating that septa formation in our strains did not proceed in an orderly way from one end of the hypha to the other, as was reported for other strains of Streptosporangium (2) .
The formation of sporangia by Spirillospora albida also started with the coiling of an undivided hypha within the sporangial membrane, the membrane being formed by the continuation of the outer sheath of the sporangiophore (Fig.  10) . In contrast to streptosporangia, however, the hyphae within mature sporangia are branched (Fig. 11 ) and eventually divide into rodlike segments that remain arranged in parallel coils until dehiscence (Fig. 12, 13) . Septa in the process of formation were not observed in sections of S. albida. Mature sporangia placed in water under the environment of an oil chamber (10) released highly motile spores with one lateral tuft of flagella per spore. These spores frequently remained attached together and moved as a train.
In the strain of the Ampullariella-like Actinoplanes that we studied, the formation of the sporangia started by the growth of fingerlike hyphae within a common envelope that was also the continuation of the outer sheath of the future sporangiophore (Fig. 14) . A septum was then formed at the base of this structure, separating the sporangiophore from the immature sporangium. Growth continued inside the sporangial envelope with the formation of a network of branching parallel hyphae (Fig. 15 ). Septa were then formed at wide intervals (Fig. 16 ). They were formed, as in the streptosporangia, by the annular ingrowth of the cell wall (Fig. 17, 18 ). This stage was followed by the further septation of the hyphae (Fig. 17) , leading to the formation of mature, globose spores that remained in parallel rows until dehiscence (Fig. 19) Fig. 10 that the sporanigial wall is the continuation of the outer sheath of the sporantgiophore. In Fig. 11 Fig. 15 and 16 the method of branichintg permittinig the formationt of parallel Ityphae. Ini Fig. 16 , septa are presenit at wide initervals. In Fig. 17 , the segments are spore-sized. Note septum in formation in Fig. 17 , enilarged in Fig. 18 . Figure  19 : sporanigium with matulre spores. The formation of spores by this strain was very similar to that described by Willoughby (21) for a strain of conidia-forming Actinoplanes. Summing up, all the Actinoplanaceae belonging to the genera Microellobosporia, Actinoplanes, Streptosporangium, and Spirillospora, that we have studied so far, form their sporangiospores by the growth of a hypha within a bag consisting of the extension of the outer sheath of the sporangiophore. In members of the genera Microellosporia and Streptosporangium in which the sporangiospores were not flagellated, the sporogenic hypha was not branched. In actinomycetes with flagellated sporangiospores (Actinoplanes and Spirillospora), branching was observed. The formation of spores took place by numerous septations that seemed to occur almost simultaneously. The septum at the apex of the sporangiophore was, however, the first one formed. Septa formation was by the annular ingrowth of the sporogenic hyphal wall. This mode of division has been observed repeatedly in gram-positive bacteria (20) . This mode of sporangiospore formation does not differ basically from that of conidia formation in streptomycetes, with this exception: in some streptomycetes, at least, the outer hyphal sheath, which is the morphological equivalent of the sporangium, breaks up into spore-sized mantles covering each conidium (11, 18) . Thus, the basic mechanism of spore formation seems to be similar in various types of actinomycetes, even though they have cell-wall mucopeptides of different composition (1, 22) . In all strains studied, mature spores had a tendency to remain attached to one another, forming short chains. No evidence was found to support the unsubstantiated statement of Krassilnikov (12) that, in strains of Actinoplanes, "spores are formed not by the fragmentation of the sporiferous hyphae but developed directly from division of the protoplasm of the sporangium."
